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The Russian technical specialists ot’ Kramctva
Zvezda (Red Star) and Kurchitlov [nsmutt 01’
Atomic Energy (KIAE) of Moscow were mkcd
in the early 1970’s to develop ir compact.
trarttqmrtable power system that would work
reliably and autoncmtously al remote locations.
The original syslem specifications required that it
be able to operate for several years widmut
Mainrmanceinseavvateratadepth of6 km. To
meet these requirements tie Russia spcialisls
designed a compact nuclear syslem with water
coolant couplect to a thermoelectric power
conversion subsystem. The @ WLS 10 design a
system that was scalable from 300 kWlh 10300
MWth.

A proof-of-principle syslcm, the GA,MM A
reactor sv~iem. was design! XL constructed ●nd
tested at KIAE, The system construction was
completed in 1981 artd iesting tqytn the sunw
year. The GAMMA reactor system is still
operational today. The follow -on system for
remote sites is the ELENA reac!or system, It
has not been built, but the final assembly
drawihgs have been completed and are rewly m he
u.scd. The ELENA was designed m provide I’mth
direct electric power and lucid space heating. [t
can also be used for desalination. The design of
[he ELENA meets posl-Cherno5yl safety
requirements and includes femures 10 itSSUt_C its
safety under autonomous opinion. “f’his paWr
provides un cwcrview of the GAMMA id
ELENA power systems including their design
criteria. testing, and tranqwrtwion to remote
silts. And includes tli.scussitm on WI cvaluminn
and mchnology trarmter program thitI could make
this system itvailable for use Ihrm.tghout the
world,

The Russian technical speciidi ts w Krasnaya
Zvezdii and Kurchamv Irwlitulc oi Alomic Energy
~K] AH have tkslpned and k!slcd a prototyped a
compaa transportatrk power system tim works
rcliablv and autonomously at remote locations.
The GAMMA reactor system is tie prototype
that has hen buill and tested at KIAE. The
GAMMA was designed as a proof-of-principle
unit for an undersea power plant. The tidlow+n
syslem. the ELENA, has ken designed for
operation at remote sites m provide power and
local heating. The assembly drawings of the
ELENA have been compkmd. id are nmly for
fabrication and testing oti [he system. The
ELENA system was designed with inherem
safely Iemures to ensure it remains in a safe
contiguratkri umkr any condition.

This papr pmvitks M overview ot’ the GAMMA
reactor system and its operation. the design
requirements for the ELENA reactor. and SI
discussion of the technology wansfer program
that could make this system available for use
t.hrougbout the woritl,

[n the early 1!)70’s the Russiiin specialists were
tasked to develop a highly rcliakdc power source
that could operate within the ocean 10 it depth of
6 km for several years withoul tielrl service, The
primary design principles of the [iAMMA rcactur
systcm wwc:

1. natural circulation uml .self-rcgultition
of the reactor and scccmda~ cmdunt
Iotqls,
2. an inherenl ncgutivc reactor
lcmperwme coct’ticicm.



3. sIeadv-state remtx operation WIIIIOU[
active control al rmmnal pnwer.
4. static power eonversmn.
5. 10.OOO hours of autonomous

o~tion.
6. a reduction of tempmmrre no grcmcr
than S- 10”C for 5 yero 0( opera{ Ion.
ard
7. a thermal power range Kdiihle from
300 kWttr [0 300 MWth.

The GAMMA reactor sys[em is designed 10
provide electricity for either remole villages or
underwater operations. The output characteristics
can be optimized for healing. as well as lhc
production of electricity dependem upon (he
requirements.

A proof .of-principle reaclor ~yslem. (I1C
GAMMA, completer manuladuring and bciwn
[es[ing m tie KIAE in 1981. It products 0.6
kWe at a thermal power of 220 kWIh. “llw
system is designed to be able [0 (.ldiver 28. 110
or 220 volts of electri~ power. Thernwdeu.ric
(TE) power conversion was selected due m ils
inherent long-term stability and high rcliabilitv.
The TE power conversion units were based upon
the design and test data obtained at KIAE as p,arr
of the Romashka space reactor syslum
development during the mid- 1960s. The
GAMMA system is 6 m diameter by 10 m high.
A ~chematic of the GAMh IA reacmr system is
shown Figure 1.

Preliminary tests on the GAMMA rt!acmr syswm
were comrrleted m ensure the reacmr was slatrle
during power transients or trom exwrnal
disturbances such load changes. (h’era.11 a large
number of experiments were comr;elcd on the
unit. including investigm.ing Lheeffect 0!’ Ltreload
cm the performance of the TE power conversion
and the asseci.med feedback on the reacm. The
Russian specialists checked Lheir experimemal
data against compuler calculations m develop WI
analytical basis.

To present the GAMMA has operd[ed for more
lhan 10,000 hours at [mrninal power. II has
providul me proot’-d’-pnnciplr! Ior the i’dlow-(m
FJINA [cactor system.

The GAMMA reactor systcm ml pt~wer
conversion sys[em operate in n pool d w:ucr
which conducr. ivi(y rcmovr!s W! WWSICI)utit I“r(mr

Ihe system. “mere is rm.rghlv twenty l’cel o!’
warer from rhc lop 01 the nxrcmr ve:.sel m lhc lop
01 rhc waler in rhe pool,

The reactor syslem uses wmer m tmh the
pnrnary and secondary cdarrl. m coolant tioln

[he rtmemr m.rtlel goes direclly m Ihe “IE power
conversion and heat exchnnger UIMS. “Ilwre are d
[real of twenty-four ‘r~ power conversmn
mrx.lules Iwated above the rtzrcmr core and are
,mmrrged in a circular paucm around tlw m.nside of
LIE rcac[or vessel. The coolanl hea~s Ltrehot-side
of [he TE power conversmn on the insole of Lhe
coolant Ilow pm.h and t.k TE cold-side is crded
by tie pooi of water. The c(x)lant is pressurized
and does not boil.

There are no pumps in l~le primarily coolant
loop, rathe- lhe heat is lranslcr by natural
~-irculatlon. Ioi(ial]y lhcre was smre problem
;virh :Ilr smgnall~m M r.he I[~p 01 (he TE power
coll~’ersioll-lo-lleal” cxchanycr unlf,s. bul [he
Russiirn [cchnicd spt!ci;dists Iwliel’e Ihey have
solved ltris problem.

The reactor is fuelerJ by uranium-dioxide ([JOZ)

enriched to -20% U-235. The enrichment level
was chosen m ensure d WZK below the level of
conecrn for rmnproliferat.ion. The power density
in tie reacmr core is very low. The system is
designed for 10 yuars m’ opmr[ion withoul
refueling.

The rcac[or systcrr wm round ELENA alwr the
l’irs[ rcmme si{e (hal [he sys[cm was 10 hc
opermul. The ELENA sy’swm has not been twill
or Icslcd. but Ihe technology i~ ha..cd on the
principles and the operation O( [he (;AMMA
rcaclor. 11was clcsigned spxiticxllv to provide
clecr.ric power and district hcdling t’or rdmoie
villages or locations.

The baseline design of (he ELENA reactor
sys[em is to produce 90 kWe :1[ 3 MW[h.
:ll[hough Ihe design C;III he scold 10 produce
higher Fewer depeudent upon the imemlwl
kxatinn and use, 0[ the W) kWe produced, 20
kWe is used 10 operate Ihe sys[cm irml 70 kWt! is
;Ivailable [0 the user. ‘Il)e ‘lT. power convcrsiorr
syslcm has low circwical convcrswn ctlicicncy.
ml the wns[e hem is usrxl for dist.ric[ healing.
The r!lcctricirl power output versus Ihc cxccss
heat for distric[ hcm.ing can be oplimizul for the
specilic locruion ill’t(l use, Tihk I prowdcs il
listing ()[ [he kcy p~;mlc[crs (r;r IIIC IIL1lNA
nmck)r.



The reactor thermal power is kept constant and
does nol vary with the elcctmd load. There arc
Iwo oplions ior conuolling lhe electrical power
ouqmu 1. use shunt resis[ers. or 2. m short
circuil the TEs. BoUt oi these have been
analyzed hy tie Russians. hui no tirtd decision
has hem made as to which ofmon should he
used. “l%ey believe tie decision should hc
dcperdcnt upon the specific electric loa& Two
other options are 10 attach Ihe Ihir(l Itx)p 10:1
natural draft calling lower. or m usc ii 10 hem
green houses.

The ELENA has three water coolant loops: tie

*W cwiant loop that goes irom the reacmr
10 the hot-side of the TE power conversion. me
secondary ctmlant loop which removes IJK excess
heat l’rom [he cold-side ot’ [he ‘IT power
conversion and the tJrid coolunl loop which trikes
the excess heat extemaJ 10 L4e plan[ tbr clislmx
heating. The complete reactor system is
fabricated fmm stainle..s sled. The tempamure
of the water wilhin the third loop is - 100’C. If
the mnperature 10 the heat supply is dropped by
10”C.. then the output ~)wer of [he sys[em
doubles. The power level is primarily defwndcnt
upon the Iempwrtture of [he lhird loop, A
schematic of the ELENP sys[em is shown in
Figure 2.

The heat k tra.nsfemed from the reamx core m the
~wer conversion units try nwural circulalimt.
The typical operaling parameters ot’ t.hc primary

coolant loop are 150 [O 200 kg/cm2 pres.iurc ,WILJ
3(X) reactor inlet and 330”C oudel Icmfwrit:urts.
The seconduy coolant loop tramsicrs Iww via
natural circulation drtd il serves att it biological
shield. The typical opcratirtg paramtxers ior Ihe
secrmdary coolant loop are 1 m 2 kg/cm2
frressute and temperature difference Oi 80 m 9ST.
The thirJ cnolam loop npemlcs w 3 m 4 kg/cm2
preswe and 70°C 10 ‘90”C temperature inlcl and
outk(.

l% ELENA reactor system is designed with 290
tubular ‘IT power w’tversiori clcmcnls wuhin
right power conversion m heat cxchitngm unils
placed ouisde o!’ the IOP periphery of lhc core.
The (lAMMA reaclor systtm ‘1’E power
conversion syslem were Iabricittctl wlihin
Sukhumi. Georgia bul iutumclcmcnts could IW
itibricalcd within Russian or the [ 1.S,

The “I”E elements MC made lrom 13ismulh-
‘rc!lurlum-Sclcnluln. Bitsecl upon tie lcsung
com~leted rm Ihe GAMMA rcacmr system the
Russm.n speeiaJists twrnate 10% degradation Oi
the pm-lormartce of the TE power conversion over
twenty-live years of operation. Component-level
lcsting oi the TE units have been tlonc ior up to
150.OfM’)hours in a nonreactor. i.e. nnnradimion

unvironmerm til Sukhumi and for I I .00f) hours
w part oi the CJAMMA reactor systcm [w
program. The TE power crmversi:m have been

[wed to ilux Icvels Oiup m 1019 nicm2-scc
widmul signiiicatx degradation. where the actwd
operational flux levels for IJIg ELENA reactor

system are anucipatcd m be 10- n/cm2-scc.

The ELENA reactor (Joes not require an opemtor
during ni)mimd power opcmtmn durin~ [he
Iilixinw Oitheplain. operdl :ms :ue required inr
:Isscmtdy. smrlup ;Ind 10 Iwgin nornmal
opermion. There we no vulves or mechanical
parts which require maintenance over [he
operation or the plant. There is no requirement
ior refueling oi thes} slem over the lwenty-t’ive
years of Operation.

once opcra[ional [he ELENA depends upon
natural pr~esses 10 mainrain Lhe reactor power
without the actua[ion of control rods. The
control and safely system. including the contrnl
rods. control drive mechanism. sensors. etc. are
used only ior u~e smrtup of IJle rcacmr. or [or
limes thitt the rcacmr may smtm and have m he
shuu.lown. The control and .sakty are d~signed 10
t’;lil sole.

The rutctor startup is done hy measuring the
neutron tlux and culcuktting the reactor @od.
The rcacmr outlet tempetwure and the prc.ssure in
the coolant loop will M monilored. but do not
provide ieedbackthrough the control loop during
startup. Startup is done by an on-sile operator
who can lemw the site once steady-stale power
has been obtained. T1’teplan was to have a single
opermor at a control site where the operation oi
roughly six of these power systems w different
rcrnolc sites would provide operational data. If
there were a problem. the informittion would be
wnt to the operator. ‘r~)operawthepoison rods
iUt2 pulled completely imm IJtecore, and are never
inscned during nominal opermion. The p~ison
rods ure avtiiktble for SCIamming the reactor if
their is a problem.

The plant cmergmtcv pro[txtion syslem would
monimr t.k plan: during opctaion. und would bc



The reactor core has standard Ru:;si.an VVl;R-

1000 fuel elements with LK)2 fuel clad in
ZireaUoy, Ile -Im is designed with a neguuve
lcmpemture coe~ficicnl over [he complcle r.a.nge
of opemlinn. The fuel humup w compcn.smd )y
slighi dccremes in lhe ctmhu Icmpcrmm! i~~cr
the operating lifetime and [he hurnup (U I1lL
gadolinium burnable p}ison. ‘I_hercioru. Ihe
initial amount of exee.ss reactively can lx Il)w.

The mass of the ELENA sys[em msemhlctl is
213.145 kgs (235 tons), or 147.H41 kgs I 163
fens) dry weight. Tbe maM of tic conlam m t,he
first kmp is 3628 kgs (4 tuns). and the maw 01

the rmdanl in tie secondary loop is 61.676 kg
(~ inns). ThE reaetor system cart be broken in[o
[WO parts for shipment. 1[ is possible m fur!l (IN!
syslern rm-site. thereby climinming pmhlcms
xwociated willr shipping a Iuclcd rcac[or. rhc
vessel head of the s!”slem can k removed. Some
rm-site welding would be required. The piflm IS
-~ m~tefs in dj~eler wi~ a b~j~h~ of 10 m~[~m.
11dms not require it Iargc work 1(WCC[0 assembly
and begin operation of lhc plum.

The unit can be decommissioned and moved one
to 1,5 mofiths after it has heerr shuhlown. The
(.102 luel ciur removrxl and put in[o iI shipping

container a bundle tit a [ime, The diamc[cr of
euh fuel trundle is 7.0 cm und the Iengti is 2 m.
There are Iwo options in dec(}lnlnissit)llill{ lhc
stainless swel tXllcntlCC-ot-~lillli: I. il cdl] rcm;llll
in place Ior [wo ycurs. Iw disfisscmhlcd :IiKI
Pitckitgtd according 10 mlcty prt)ccdurcs. or 2.
di.uwswnblt!d soon shutdown with more s[rmgcn[
.sati!!yprocwhlres.

i-he I:LENA wm dcslgnctl :]llcr Iht! (’hcrnohyl
xxxdcn[ tind lhcrclorc sulcty was consdcrcd 01
utmost unporl.ancc In the tlcsign 01 [his syswm.
“~hc Russian mchnical specudists have :malvzul
some po[eiltiiil ucmk!nl sctn’tarius w~d have rm[
idmtithl any IJKIl would result in Lhc rclemc 0!’
lission products or t’ucl mcllmg. IIXtuse the
qxcltlc power in [he active core m so low. 7
kWth/li[cr. Ihe Russiim specltilisls are not
conccmed tihout a 10SSot cnda.nt accitk!n[. “rhe
Russian specialists twlieve Ihat natural
circulation is adequate m cool and mmmin the
imcgnty 0[ the cure under any conditions. The

prin&y conlam loop is ccrmplctely contained
wmhin tlK secondary coolant loop and prowrles a
sccontiry harrier. If [he ELENA system is
placed approximately 20 10 25 meters
um.krground [here would be Im increase in
rmli:l[ion fit Lhc cround Icvcl while Lhc plan[ was
()~r:lung.

1f [he wfety untl ~r[~~iulCC cluims Ior the
ELENA ~mwep[ cm he c:mt’irmed and
inkpmkntly validated then It could prove [n he
a vahmtrle distric[ hexing or desalination and
elecuic power supply for many remuve villages.
inlluslrial and scientific sites throughout the
world. A practical and realistic approach to
accomplishing lhis indepemlem validation is to
ut!rtifv a standa.rr.l design wi[h the I.J.S. ,Nuclear
Rcguktmy (’ornmittee (NRCV. 1[ is nccc.ssary 10
mtahlish a LJ.S. indusuiai piutnCr wi[h Russia [c)
proc~xd with an ;Ipplication ltw NR(’ i~riltic~tion

:Ipplicuhon.

Key trr developing irtlems[s ;md implementing
the ini(iul cvalua[iuns is coni’inning il market
potential Ural would juslify the investment. A
lhree slep apprr,ach is urdmwily: I ) il~.ss the
worldwide p~)tcc[ial for using the ELIZNA
concept in various remo[e siles. ~hina alone has
30,000 Q/illagcs thitl could htnelit it’ u suitable

syslcm were available. 2), conduc[ the [cuhnical
and cost tissessmrmls. posslhly [hrough a join
lX)~ Mrormrv, Russiiln ins[i!utc :UILI lJ.S.
iudus!riul partrwrship, und 3). it lhc inilial
ul’forls prmw posltivc t’or [ 1,S. cmnrncrcitil
in[crcs[ a pltill ()[ supply illlll ccr[ifk:llmn LX)UILI
lx implcmcnlul.

‘].Iw (;AMMA sys[c!n is dcsignd to provide
power for prhm,nly uudmw;l[cr ;qlplicmmns ;Lnd
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Figure 2: ELENA Reactor System Schematic.
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